Objectives: To describe the time and space patterns of patients with monosymptomatic optic neuritis (MON) in Stockholm County, Sweden, and to explore the role of environmental factors in the etiology of MON and multiple sclerosis.
T HE TERM optic neuritis (ON) can refer to any inflammatory optic neuropathy 1 ; however, it most frequently indicates an acute disease of the optic nerve attributed to focal inflammation associated with demyelination. In the absence of history and/or signs of multiple sclerosis (MS) and systemic disease, such as systemic lupus erythematosus or sarcoidosis, ON is referred to as monosymptomatic optic neuritis (MON). The frequent progression of MON to MS, 2-5 the common appearance of ON during the course of MS, 6, 7 and the results of MS necropsies 8 suggest that ON is one of the clinical manifestations of MS and that the etiology of ON is related to that of MS.
Seasonal variations may influence disease occurrence. If seasonal fluctuations affect the onset of MON and MS, this may imply that MON or some of the clinical manifestations of MS are related to either causative or protective environmental factors that are more prevalent or virulent during different seasons. A study of MON may be advantageous for several reasons. First, the insidious clinical progress in some patients with MS may make it difficult for them to accurately report the time of disease onset. This contrasts with MON symptoms, which are characterized by acute decrease in visual acuity and are often accompanied by eye pain; consequently, patients with MON usually seek medical advice early in the course of the disease and can accurately state the time of onset. 2, 9 Second, a short interval between the onset of MON and the time of diagnosis is the rule for most patients with MON, while a diagnosis of MS requires follow-up that may last several years. 10 Third, an MON study may capture certain features of MS (eg, the relapsing-remitting phase or benign MS). Studies of seasonal factors potentially implicated in demyelination may be particularly beneficial.
We conducted a population-based, prospective study of patients with MON in Stockholm County (SC), Sweden. In prior reports, we described the incidence of MON by age, sex, ethnicity, birth cohort, 11 and the prognosis for conversion to MS. 5 The purpose of this article is to describe the time and space patterns of MON incidence in SC.
RESULTS
The annual crude, sex-specific, and age-adjusted MON incidence rates are listed in Table 1 . The year-by-year variation of crude incidence was modest, with the lowest value at the beginning of the observation period and a peak in 1992. The incidences per 100 000 personyears during the study period were 2.28 for women (ageadjusted, 2.28), 0.59 for men (age-adjusted, 0.53), and 1.46 for both sexes (age-adjusted, 1.40).
In SC, the average monthly number of MON cases during the observed 72-month period was 2.04 (SD, 1.49). The highest incidence for both women and men during a 3-month period (n = 11) was observed in May through July and August through October of 1992 and March through May of 1993 (P = .99). When examined separately by sex, P = .70 for 11 women with new cases observed in March through May of 1993, and P = .53 for 5 men with new cases observed in June through August of 1992. No MON epidemics were detected during the study period.
PATIENTS AND METHODS

STUDY POPULATION AND DATA COLLECTION
Stockholm County is located at latitude 59°north, has a surface area of 6490 km 2 , and is subdivided into 25 municipalities. As of December 31, 1995 as "a condition causing a relatively rapid onset of visual failure, in which no evidence for a toxic, vascular, or compressive etiology can be discovered, and where local retinal lesions have been excluded." Patients with other causes of optic nerve neuropathy and retinal or other intraocular pathologic conditions with symptoms mimicking those of ON were excluded. Patients were also excluded if their history or neurologic examinations revealed abnormalities fulfilling the criteria of Poser et al 13 for clinically definite, clinically probable, or laboratory-supported definite MS. The study protocol was approved by the ethics committee of the Karolinska Institute at Huddinge University Hospital; informed consent was obtained from all patients. A detailed description of the survey methods has been published elsewhere.
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TEMPORAL PATTERNS
Annual crude and age-adjusted incidences by sex were calculated. The European standard population was used as a reference.
14 The age-and sex-specific annual population during the study period for each municipality was obtained from Statistics Sweden. 15 For purposes of identification of possible small MON epidemics, temporal aggregation in our series was analyzed using the Knox test 16 scanning approach over a 3-month period.
Seasonal variation was studied according to the date of onset of clinical manifestations of MON and the differentiation of 4 seasons per year; each season included 3 consecutive months (eg, spring was April through June). The statistical significance of seasonality was assessed by applying the likelihood score test 17 to the ratio of highest to lowest seasonal proportion of registered events occurring in the study period.
To explore the association between putative seasonally changing etiologic factors and the personal and clinical characteristics of patients with MON, 3 MON subgroups (A, B, and C) were defined after the pattern of seasonal variation of MON incidence was examined by onset during seasonal periods with different risk (see the "Results" section for an explanation of our choice of seasonal intervals). The statistical significance of differences among the 3 MON subgroups was assessed using the 2 test or the Fisher exact test for proportions. For comparison of means, the t test was used.
The distribution by month of birth of the 147 patients with MON born from 1935 through 1980 was compared with that of 439 281 live births from the Stockholm municipality resident population during the same period. Data for the latter distribution were obtained from Statistics Sweden 18 and were used for the expected distribution pattern. The statistical significance of differences between these 2 distributions was assessed using the 2 test.
SPATIAL PATTERNS
Taking the incidence of MON in SC during the study period as a reference, the standardized morbidity ratio (SMR) was used to describe the geographical variation of risk in the 25 municipalities. The 95% confidence intervals (CIs) of SMR were obtained by the exact limits method.
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ANCILLARY CLIMATIC DATA
Since climate variation can be a marker for seasonal change, we correlated information on average monthly temperature, number of sunny hours, and precipitation for the 72 consecutive study months in SC 18, 19 with the corresponding monthly proportion of MON cases.
The monthly and seasonal distributions of MON onset in SC are shown in Figure 1 . For both women and men, the highest monthly incidences were observed in October (n = 19) and May (n = 18), and the lowest in January (n = 5), February (n = 6), and December (n = 6). A remarkable seasonal variation was noted, with the lowest incidence in winter and the highest in spring. This seasonal pattern was significant for spring vs winter, whether spring is defined as April through June (ratio of highest to lowest seasonal proportion of registered events, 1.84; 95% CI, 1.13-3.01; P = .007) or as March through May (ratio of highest to lowest seasonal proportion of registered events, 2.76; 95% CI, 1.54-4.97; PϽ.001). A seasonal pattern was suggested, with the highest incidence in spring, a medium value in summer and autumn, and the lowest incidence in winter.
The distributions of personal and clinical characteristics in the 3 MON subgroups defined by onset of MON in different seasonal periods are shown in Table 2 . No statistically significant variations were found among patients affected during the different onset periods. When groups A and C were compared, the patients with MON onset in winter (January-March) showed a trend toward increased proportions of pleocytosis in cerebrospinal fluid, oligoclonal bands in cerebrospinal fluid, and conversion to clinically definite MS during the study period. When groups B and C were compared, these differences were less impressive. When the analysis conducted after the spring season was redefined as March through May, the differences, except for pleocytosis, almost disappeared.
The distribution of month of birth for patients with MON and that of residents in Stockholm born during the same period are depicted in Figure 2 . Larger than expected numbers of births of patients with MON were seen in April, July, and September. However, no significant difference was found between the observed and the expected monthly distribution (P = .19).
The MON incidence per 100 000 person-years for both sexes in the 25 municipalities ranged from 0 (Salem, Upplands-Bro, and Vaxholm) to 2.96 (Danderyd). The SMR ranged from 0 to 2.35 across these municipalities, exhibiting wide CIs (data not shown). No statistically significant geographical variation was found. The highest incidences of MON per 100 000 person-years were registered in Danderyd (2.96; 7 observed patients; SMR, 2.35) and Lidingö (2.60; 5 observed patients; SMR, 2.01), 2 neighboring municipalities located in the urban central SC region close to Stockholm, from which 65 patients were referred.
The relationship between the frequency of MON and different climatic variables is depicted in Figure 3 . Positive, statistically significant associations were found for the average monthly number of sunny hours (r = 0.669, P = .02) and temperature (r = 0.635, P = .03).
COMMENT
The results of the study in SC show that MON occurred at an uneven frequency across seasons, with the highest incidence in spring and the lowest in winter. The higher occurrence of mononuclear pleocytosis and oligoclonal IgG bands in cerebrospinal fluid seemed to be linked to the onset of MON in winter. No aggregation by time, space, or month of birth was observed.
There has been considerable concern about the possible artifactual nature of the reported MON seasonality caused by referral bias, 20 vacation-influenced shifts in population, or the fact that patients were more willing to consider admission for apparently benign conditions during the winter than during the summer. 12 In spite of the hard climatic conditions of winter in SC, we do not believe that such a bias exists in our results for several reasons. First, the time point we studied is the onset of MON, not the time when medical advice was sought. Second, patient access to specialists in SC is good. Third, the case findings were prospective and done on a population basis. Finally, the resident population in geographically isolated areas in SC is sparse. The quality of diagnosis in our study was considered to be high. 11 Therefore, the seasonal variation that we describe here should not be artifactual, and the presence of seasonality for MON in SC may imply that seasonal environmental factors do play a role in the etiology of MON.
In a review of the literature, we found 10 articles in English with data regarding ON seasonal variations. 2, 12, [20] [21] [22] [23] [24] [25] [26] [27] The quality of these studies varied. Regard- ing quality of diagnosis, it would be difficult to interpret data from a 1958-1962 national survey in Italy, 23 since the highest incidences of both retrobulbar neuritis (RN) and papillitis were observed in a group whose age range was 51 to 60 years; 50% of the cases of RN and 45% of the cases of papillitis occurred in patients older than 50 years. From 3 articles published in the 1950s and 1960s and based on reviews of hospital records, [20] [21] [22] the highest number of cases was seen in spring (April-June) [20] [21] [22] and the lowest in winter, 20, 21 showing good agreement with our results. Wuthrich and Rieder 24 from Switzerland reported that the highest incidence of RN in patients with a history of MS occurred in spring and the lowest in autumn. 2, 12 Peak incidences in spring and nadirs in autumn 2 or winter 25 were recorded in 2 of 3 British articles published in the late 1970s 2, 25 ; in the third study, based on a series of inpatients, the peak was in autumn and the nadir was in spring. 1 2 SandbergWollheim et al 26 from Lund, Sweden, found that the highest frequency of ON occurred in spring and winter and the lowest in autumn. The most recent report from the Optic Neuritis Treatment Trial 27 showed the highest incidence of monofocal optic neuritis in spring and autumn and the lowest in winter. Therefore, most published results are compatible with a worldwide seasonal variation of MON similar to that observed in our study. The highest rates occurred in spring 2, [20] [21] [22] 24, 25, 27 and the lowest occurred in autumn 2, 24 or winter, 20, 21, 25 despite the considerable heterogeneity of these studies regarding (1) the completeness and details of diagnostic criteria, 20, 21, 23, 24 the period of case-finding, 20, 25 and the definition of seasonal time intervals 23, 24 ; (2) the inclusion of MON, 2,12,22,25-27 RN, 21, 23 or RN criteria after excluding MS 20 or disregarding the presence of MS 24 ; (3) the bases of study (either hospital-based 12, [20] [21] [22] [23] 25 or populationbased 2 ); (4) the sources of diagnosis identified by neurologic 22 or ophthalmologic 12,23,25 specialists or both 2,24 ; (5) the measures of seasonal variability 24 ; and (6) the assessment of statistical significance. 2, [21] [22] [23] 25, 26 The relationship between seasonal MON risk reported worldwide and climatic changes was not addressed in prior studies. We obtained information on monthly proportions of new ON/RN cases or recorded attacks and on climatic data for selected studies 2, 20, 21, 25 and reports. [28] [29] [30] Associations (not shown) similar to those seen in SC were perceived in each study. When the data for 48 place-and month-specific categories were pooled and correlated, the corresponding coefficients for average temperature, number of sunny hours, and precipitation were 0.332 (P = .02), 0.296 (P = .04), and 0.153 (P = .30), respectively.
An etiologic interpretation of the seasonal variations of MON in SC, which may reflect a worldwide trend, is particularly tantalizing because SC provided a particularly favorable domain for such a study owing to the considerable seasonal variations of sunlight and because the opposite correlation has been reported for MS risk or prevalence. 31, 32 Multiple agents that are particularly infectious *CSF indicates cerebrospinal fluid; MRI, magnetic resonance imaging; and MS, multiple sclerosis. †Period A had high incidence, period B had the highest incidence, and period C had the lowest incidence. ‡Fisher exact text. §Values are mean ± SD. and potentially causally related to MS or MON may satisfy requirements of high prevalence in such environments or seasons. While seasonally varying respiratory viral infections have been identified as the most frequent event preceding relapses in patients with MS, [33] [34] [35] and while demyelination is evident in both MON and MS relapses (suggesting that these 2 processes may be related), we propose that similar infectious phenomena, whether subclinical or not, underlie our findings and those of others for seasonal variation of MON and MS relapses.
If MON onset occurs in the winter, a higher proportion of cases with abnormal immune activity markers might correspond to a higher frequency of demyelination during the immediate, high-risk season, although this holds true only in short-term studies. The notion of an MON variant in winter is supported by 2 previous reports from Lund, Sweden, 26 and the United Kingdom 25 that suggest that MON with onset in the winter seems to convert more frequently to MS than MON with onset during the other seasons; however, this was not confirmed either in Rochester, Minn, 4 or in the United Kingdom study after the follow-up period was extended. 3 In our study, the proportions of cases of MON that converted to MS during each of the first 3 years were systematically higher in the group with MON onset in January through March. The overall proportion converted for cases with onset during this period was 13 (52%) of 25 vs 36 (30%) of 122 for those with MON onset in April through December (P = .03). While the above appears to be consistent with the highest environmentally determined risk of new demyelination during the early course of winter-onset MON and similar long-term severity, our observation should be cautiously interpreted.
We are not aware of reports on the months of birth for patients with MON. The months of birth for patients with MS were different than those of the general population and occurred mainly in March through June in Denmark in a large-scale study of more than 6000 patients with MS. 36 In a study of 2229 patients with MS in British Columbia, Sadovnick and Yee 37 showed a similar association of month of birth; these findings were considered to be statistically significant by James 38 upon reexamination. A recent, but not controlled, study on subjects with MS in Budapest, Hungary, showed a considerable number of births occurring in April and October. 39 The modestly greater number of births in February, April, July, and September in our study population is difficult to interpret, since it may be a result of the small sample size.
The fact that 2 neighboring municipalities with the highest incidence of MON were also the municipalities with the highest income in SC is in accordance with the finding from Germany 40 that education is linked to risk of MON. However, ascertainment, geography, or random variation may explain this pattern.
To conclude, we report a seasonal pattern of MON, with the highest incidence in spring and the lowest incidence in winter; our findings are well correlated with sunlight and temperature, which may have an impact early in the course of the disease. 
